99 (5) J 32 
(100 D 1) 



Japan Patent Office 
Patent Application 
Publication 



Method for Manufacturing Multiple 
Thermoelectric Element Unit 

Patent Application: S41-72857 
Application Date: 07 November 1966 
Inventor: OKAMOTO, Akiyoshi 

[NOT CONFIRMED] 

c/o Tokyo Shibaura Electric 

Co., Ltd. 

Horikawa-machi Factory 
72 Horikawa-machi, 
Kawasaki City 
Applicant: Tokyo Shibaura Electric Co., 

Ltd. 

72 Horikawa-machi, 

Kawasaki City 
Representative: DOKO, Toshio [NOT 

CONFIRMED] 
Agent: Patent Attorney INOUE, 

Kazuo [NOT 

CONFIRMED] 

Brief Description of the Drawings 

FIG. 1 is a plan view illustrating the structure 
of a multiple thermoelectric clement unit 
obtained through a manufacturing method 
according to the present invention; FIG. 2 is an 
oblique view illustrating an example of use of 
the multiple thermoelectric element unit; and 
FIG. 3 is a plan view illustrating an example of 
another structure for a multiple thermoelectric 
element unit obtained through a manufacturing 
method as set forth in the present invention. 
Detailed Explanation of the Invention 

The present invention relates to a method for 
manufacturing a multiple thermoelectric element 
unit. As is well-known, a thermoelectric element 
device uses direct current, where the maximum 
direct current Iopt is given by: 
Iopt = a Tc p/Sl. 

Where a is the Seebeck coefficient, Tc is the 
temperature (in °K) on the heat absorbing side, p 
is the resistivity, S is the cross-sectional area of 
the element, and 1 is the length of the element. 

As is clear from the relationships in the 
equation above, if a, Tc, and p are held constant, 
then Iopt is determined by the magnitude of S 
and 1 when a rectified current from an alternating 
current is used as the working power supply. If 
the ripple in the current is not caused to the less 
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than about 1 0% then it will not be possible to 
produce adequate functionality. Because of this, 
when the Iopt is large, then the current rectifying 
device, of necessity, must also be large as well, 
and thus preferably Iopt is as small as possible. 
By the equation above, in order to cause Iopt to 
be small, elements wherein S is small and 1 is 
large should be used; however, having 1 be large 
is not suitable for use because this would 
increase the amount of the material that is used, 
and would cause the size of the device to be 
large as well. Because of this, it is more effective 
to make S small. Conventional thermoelectric 
element devices have been manufactured by 
arranging alternatingly P-type and N-type 
thermoelectric elements manufactured through a 
casting method or a sintering method, and 
connecting alternatingly the ends of adjacent P- 
type and N-type elements using conductive 
plates, to fabricate units wherein multiple 
elements are connected in series, and then 
bonding, in an electrically insulating manner, 
thermally conductive plates to the outside 
surfaces of thermally conductive plates | sic | to 
the outside surfaces of the electrically conductive 
plates, to form a thermoelectric device, and thus 
with the conventional thermoelectric device it is 
necessary to use the thin clement rods in order to 
cause the Iopt to be small. However, the 
elements produced through the aforementioned 
casting method or sintering method are brittle, so 
there is a limitation on the size thereof from the 
perspective of mechanical strength, where an 
element with an Iopt of about one amp was the 
limit of what could be manufactured, and it 
obtaining an element rod of less than that has 
been extremely difficult. 

The present invention is to provide a method 
for manufacturing a multiple thermoelectric 
element unit with an extremely small electric 
current, improving the shortcoming set forth 
above, and will be explained the in detail below 
in reference to the figures. 

As illustrated in FIG. 1, after depositing P-type 
and N-type metal thin film element bands 2 and 
3 alternatingly, essentially in parallel to each 
other, with a specific spacing through a specific 
mask using a low-pressure vapor deposition 
method or a sputtering method onto a substrate 
ribbon 1 of a flexible and electrically insulating 
material that has low thermal conductivity, such 



as craft paper, the end portions of adjacent P- 
type and N-type metal films in the deposited 
metal film are alternatingly shorted together 
through depositing a metal conductive thin film 
4, following which lead wires 5 are connected to 
the respective metal conductor thin films 4' that 
are connected to the P-type and N-type metal 
films that are at the respective ends of the 
substrate ribbon 1, to form a set of series- 
connected thermoelectric elements 10 that is 
flexible. 

It the multiple thermoelectric element unit that 
has been formed as described above is rolled into 
a cylinder as illustrated in FIG. 2a or folded back 
on itself into layers as illustrated in FIG. 2c, and 
then is filled with a moisture-proof resin, such as 
an epoxy resin, to form a single unit, and then, as 
illustrated in FIG. 3b, has a thermally conductive 
plate 6 attached, in an electrically insulating way, 
to the end portion to which the metal conductor 
thin film was deposited, to thereby form the 
thermoelectric element device. 

In practice, in a device wherein the method of 
the present invention was used to deposit 66 
pairs of P-type and N-type metal thin film bands, 
of a (Bi, Sb) 2 (Te, Se) 3 system, each 1 mm wide 
with a thickness of 1 (xm, with a spacing of 0.5 
mm, onto one side of a craft paper that was 5 
mm wide, 200 mm long, and 0.05 mm thick, 
with an Sn conductive thin film formed through 
low-pressure vapor deposition onto the end 
portions of the metal layer bands so as to connect 
in series these P-type and N-type metal layer 
hands, after which the result was rolled into a 
cylindrical shape and filled with a liquid epoxy 
resin to form a single unit, with an alumite 
thermally conductive plate bonded to both ends 
thereof using an epoxy adhesive, the maximum 
electric current value for the Iopt was 1 mA, and 
at that time the temperature difference AT, when 
the temperature Th of the contact point was 27°C, 
was 35°. Note that the voltage across the 
terminals was 5.5 V. 

Note that a case is described wherein adjacent 
end portions in the thermoelectric element metal 
films are connected together through a metal 
conductive thin film is described above, but, as 
illustrated in FIG. 3, instead the multiple 
thermoelectric element unit 20 may be formed by 
series-connecting the end portions of alternating 
adjacent metal layers directly, wherein the end 
portions of the metal element film bands 1 1 and 
12 are shaped so as to have bends that extend 
toward each other, where doing so eliminates the 
deposition of the conductive metal film such as 
in the multiple thermoelectric element unit of 



FIG. 1, described above. Furthermore, while in 
the description above there was an explanation of 
depositing the thermoelectric element metal 
films on one side of an insulating ribbon, instead 
the films may be deposited on both sides, of 
course. Furthermore, while the illustration is of a 
case wherein the thermoelectric metal layers are 
deposited so as to be essentially perpendicular to 
the lengthwise direction of the substrate ribbon, 
these need not necessarily be perpendicular, but 
rather, of course, may be deposited at any angle. 

The present invention, having the structure set 
forth above, enables the easy manufacturing of a 
multiple thermoelectric element unit for low 
electric currents, of 1 A and below, where 
operations such as manufacturing large quantities 
of the element sets all at once and cutting off the 
required number of elements for assembling is 
also extremely effective in terms of 
manufacturing efficiency. Furthermore, design 
changes for the devices can be performed simply 
by varying the widths and thicknesses of the 
layers, and there are also additional benefits such 
as eliminating completely, through the present 
method, defects in bonding the electrically 
conductive plate, but which have caused defects 
in the conventional product. 
Scope of Patent Claims 

1 . A method for manufacturing a multiple 
thermoelectric element unit wherein: 

P-rype and N-type thermoelectric element 
metal layer bands are deposited alternatingly, 
with a specific spacing therebetween, on a 
flexible, electrically insulating ribbon surface, 
where adjacent end portions of the deposited 
thermoelectric element metal layer bands have 
individual thermoelectric element metal thin 
films, and are connected either directly or 
through a conductive metal layer. 
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